The eastern Baikal rift is characterized by a succession of young en echelon half-grabens distributed in a 300-km-wide zone of high seismic activity. In this study we present the overall seismotectonic setting of the north Muya region, which is an along-strike transfer zone between two en echelon dip-slip fault systems.
INTRODUCTION
The Baikal rift (Figure 1) , which extends over 2500 km from the north of Mongolia (Bolnai fault, 50øN) to the Stanovoy ridge (eastern Siberia, 58øN), is usually divided into three segments: grabens of the southwest from 98øE to 103øE, central segment from 103øE to 110øE including the Baikal lake and the Barguzin depression, and eastern part from the north of the lake (110øE) to the last well-expressed basin of the rift (120øE). This study takes place in the northeastern segment, in an area where extension is distributed over a width of 300 km.
Here, structural trends of the rift change from SSW to WSW [Ftorensov, 1969] and major faults have a sharp topographic We infer that the combination of normal and strike-slip faulting is the surface expression of an interaction between zones of weakness in the crust and the regional stress field that can be r, esolved using both geological and geophysical data.
Earthquakes are likely to provide this geophysical information due to the high-level historical and instrumental seismicity observed in the Baikal rift in comparison with other extensional zones [Golenetsky, 1990] . Seismic activity is especially high and widely distributed in the northeastern part of the rift system. Over the past 250 years, 13 earthquakes with M> 6 have taken place there [Golenetsky et al., 1985] c0ntihuously by a local seismological network. The objectives of this study are to refine the hypocentral locations of the best recorded events by using a region-specific velocity model and a master event relocation technique, and to identify the stress field responsible for the observed structures by determining single event focal mechanisms. These analyses improve our understanding of the relation of earthquakes with specific faults, and more generally, the way extensional deformation evolves with depth and along the Baikal rift.
SEISMOTECTONIC SETrING OF THE NORTH MUYA REGION

Geological and Tectonic Setting
The study region is located between two major depressions of the eastern rift, the Upper ^ngara and Muya basins ( [Solonenko, 1985; Solonenko and Solonenko, 1987] . Two dense swarms were clearly identified since 1962 by both networks in the North Muya zone (Figure 1) 
HYPOCENTER RELOCATION PROCEDURE AND RESULTS
Velocity Model
As already mentioned by Ddverchbre et al. [1991] . our knowledge of the detailed velocity structure of the Baikal rift zone is limited. Clustering of numerous events at various depths and recorded by a dense network provides a good opportunity to improve the velocity parameters. Our velocity analysis is based on 240 events, out of the 704 selected ones, for which six local stations have recorded at least four weighted P and four weighted S waves for each event. We used for all relocations the HYPOINVERSE computer program [Klein, 1978] Table 1 .
events to compute P wave station delays for both local and regional stations (A<400 kin). We simply multiplied these values by 1.75 to obtain S wave delays. We checked that the standard deviation of mean P wave delays remained less than 0.05 s before selecting a reliable value for 10 stations ( For events at greater distances from the related master event, absolute hypocenters previously determined were kept. As the depth of events is free in the relocation program, we have repeated the same procedure using eight other master events located inside the Angarakan swarm at different depths (Table  2, Another cluster is located west of the Angarakan swarm, just below the intersection of the Upper Angara fault system and the Pereval fault zone. Although less active than the Angarakan one, it showed a continuous activity concentrating (Figures 7 and 8a) . This result differs from the focal depth distribution of strong shocks suggested by Doser [1991] in the central part of the eastern rift, where depths are found to be less than 17 km. Focal depths greater than this latter value have not been determined previously in the Baikal rift, except in two regions: the northeastern rift, east of Olekhma River, where CMT solutions and waveform modeling [Doser, 1991] [Rautian, 1964] ). Azl, Az2, and Dipl, Dip2 are strikes and dips, respectively, for each nodal plane. based on the 37 remaining fault solutions. We tried various initial stress orientations and shape factors R, and especially the two obtained by Doser [1991] in the Muya region. In all cases the inversion converged quickly to a single tensor with almost horizontal axes c•3 and c•2 and a shape factor R=0.40_+0.05 (Figure 10) . Strike of c•3 axis was found to be very stable at N160ø+5 ø, whichever fault plane was preferred. Without changing any nodal planes, the angular differences between the predicted and provided slip vectors were less than 20 ø for 35 planes, and less than 40 ø for the two last ones. Furthermore, we checked that each nodal plane selected with a R value fitting the slip vector was the same that the one we can assume according to the strike and dip of the faults described in the previous section. Consequently, we consider this stress tensor as quite reliable and accurate, and to be the only one consistent with our data set.
Focal Mechanisms of Small-and Moderate-Size Earthquakes
A total of 12 focal mechanisms outside the Angarakan swarm (Figure 11) show almost pure normal dip slip (except mechanism 6), and all the related earthquakes occurred during the 17 months preceding the Angarakan crisis (except mechanism 26). Solutions 3, 5 and 8 are clearly related to the Upper Muya fault plane and show a good agreement in strike and dip with it (Figures 8 and 11) . Nevertheless, the left-lateral strike-slip component observed on some recent fault scarps along the Upper Muya valley is not apparent on these three focal mechanisms. Event 2 is located in the vicinity of the Amnunda active scarp, in a zone of ramification of the Upper Muya fault. Its gently north-dipping nodal plane may be related to one of these segments. None of the eight other focal mechanisms shows a clear connection with faults mapped at the surface. Focal solution 6 exhibits left-lateral strike-slip faulting on a nearly vertical W-E plane in the vicinity of parallel fault trends recognized on SPOT image (Figure 3) . Finally, focal mechanism 26 shows that normal faulting occurs at about 21 km depth in the crust, on nodal planes striking in the local direction of the Amnunda and Upper Angara fault to -110ø), and 20% are nearly pure strike slip (rakes of 0 ø to -20 ø or -160 ø to -180ø). Among the dip-slip mechanisms, a large majority of the preferred fault planes have an azimuth range of 75ø-115% and dip steeper than 50 ø to the south. These values are rather consistent with the previously described geometry of the cluster and the trace of the Kovokta fault at the surface, except concerning the strike which is about N50øE for the eastern segment (Figure 3) . Dominant strike-slip motions seem to occur in the surroundings of the cluster (13, 14, 19, 21, 34), and three of them (21, 34, 38) are left-lateral on a nearly vertical fault striking NNE. Thus we may infer that dominant normal faulting occurs in the Angarakan zone on a short segment steeply dipping to the south, and that a variable amount of strike-slip motion takes place in this restricted volume, in connection with the high local structural fracturing.
Comparison of Our Stress Tensor With Focal Solutions of Large Earthquakes
The inversion for the inferred stress state has revealed that a unique stress tensor can explain our data set: it has a nearly vertical maximum principal stress o 1, the two other axes being nearly horizontal. The minimum principal stress o 3 strikes 160øE, in a direction nearly perpendicular to the Muyakan fault, but slightly oblique with respect to the Upper Muya and Upper Angara fault zones. According to the computed R value (0.4), the intermediate principal stress o2 is slightly compressional. Our stress tensor somewhat differs from the one computed by Doser [1991] for the entire Muya region on the basis of focal mechanisms of M>4.5 earthquakes: she found a o3 orientation 10 ø more to the north and a R value of 0.5 instead of 0.4. Applying this tensor to our data set significantly alters the results (46% of fault planes instead of 94% show angular misfits less than 20ø). In order to investigate whether this discrepancy was due to the fact that we used only low-magnitude events, we checked the compatibility In spite of a moderate magnitude, the 1962 Muyakan earthquake provides a rather stable focal solution by waveform modeling [Doser, 1991] . Both its location and its nearly pure normal slip on a steep NW-dipping plane makes this event quite similar to focal mechanisms 3 and 5 previously described (Figure 11) . Consequently, we interpret it as a slip on the Upper Muya fault (Figure 3) .
All other reliable focal solutions lay outside our study zone [Solonenko and Solonenko, 1987; Doser, 1991] . Nevertheless, it is worth comparing our stress determination with the focal solution of the largest instrumentally recorded event within the rift, the 1957 Muya earthquake, which occurred about 200 km to the east. In this region, major faults trend in a general E-W direction [Solonenko, 1977] . Both field studies along part (35 km) of the surface rupture [Solonenko et al., 1966] 
Rift Asymmetry
Considering the overall seismicity in map views (Figure 4) and cross sections (Figure 8) , we may deduce that in the study region, the northern limit of the rift axis is made of a complex system of discontinuous fault segments (eastern Upper Angara and Kovokta faults, Amnunda fault) steeply dipping to the southeast (dips of about 60ø), while the southern limit is made of a succession of large and planar faults dipping gentler to the northwest (dips from 30 ø to 55 ø) in an en echelon arrangement. Furthermore, note that in a general cross section of the eastern rift from NW to SE, the first half-graben deepens to the north, like in the northern Baikal lake [Hutchinson et al., 1992] 
Space and Time Evolution of the Stress Field
Both large-and small-magnitude earthquake data converge to indicate that a nearly purely extensional stress field is acting in the North Muya region in a N160øE direction, i.e., perpendicular or slightly oblique to the main normal fault direction. This tensor is very similar to the one previously determined in the north Baikal lake region [Ddverch•re et al., 1991], except that the c53 and c52 axes show a 15 ø clockwise rotation from west to east. This rotation follows the computed orientations of •3 axis after M>4.5 earthquakes which change from 125 ø to 180 ø from west to east across the eastern rift [Doser, 1991] . Consequently, we believe that microseismicity generally reflects rather well the mechanisms of larger earthquake ruptures in the Baikal rift. Further detailed analyses of focal mechanisms of all magnitude events are needed to specify the accurate spatial evolution of the stress field along the rift.
Furthermore, whether the present-day stress tensor is a good indicator of the long-term stress field remains unknown. In particular, we ignore the possible short-term variations of the amount of fault-normal stress within seismic cycles and interseismic periods. Recent changes of the stress field at geological time scale may have also occurred within the Baikal rift: for example, we have observed a significant left-lateral strike-slip motion of Pliocene or even Quaternary age along the major faults of the North Muya region, which is not predicted by the present-day stress field. This could indicate that after a strike-slip tectonic period responsible for the formation of the pull-apart basins, a reactivation of strike-slip faults as dip-slip faults in an extensional stress regime may have occurred recently. Indeed, at least two phases in the formation of the rift are inferred from modeling [Balla et al., 1991] and multichannel seismic data [Hutchinson et al., 1992 ].
This may correspond to a change from slow to fast rifting in early Pliocene time. Detailed micro-and neotectonic measurements are needed to test this hypothesis and to check the time variations of the stress regime, as any earthquake analysis can only provide information on the present-day stress field.
